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Abstract
Purpose: To evaluate the feasibility of screening for retinopathy of prematurity (ROP) by assessing the 
pupillary response to mydriatics.
Methods: This observational case series included 134 eyes of 67 premature infants with birth weight less 
than 2,000 grams and gestational age less than 33 weeks. A composite eye drop composed of phenylephrine 
1%, tetracaine and tropicamide 0.5% was applied 3 times within 5‑minute intervals and pupil diameters 
were measured. The eyes were examined by experienced ROP specialists using an indirect ophthalmoscope. 
Zone and stage of ROP, presence of plus disease and need for treatment were recorded. The relationship 
between the pupillary response to mydriatics, and presence and severity of ROP was evaluated. Logistic 
regression was used for statistical analysis.
Results: According to receiver operating characteristic  (ROC) curve analysis, final pupil diameter after 
mydriatic administration was found the most accurate factor among other factors to recognize ROP zone I 
from zones II and III (Area under ROC: 0.92 [95%CI: 0.85‑0.98]). The best cutoff value for final pupil diameter 
was 5.6 mm, because it could differentiate involvement of zone I from zones II and III with sensitivity of 
80% and specificity of 100%.
Conclusion: Response of the pupil to mydriatic eye drops may be useful as a less invasive method for rough 
estimation of ROP in high risk babies who need emergent attention; however, it cannot be considered as a 
screening test due to its low sensitivity.
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INTRODUCTION

Retinopathy of prematurity  (ROP) is a potentially 
blinding condition but may be prevented with early 
detection and treatment.[1] The routine procedure for 
ROP screening requires insertion of an eyelid speculum 
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and scleral indentation for better visualization of the 
peripheral retina. Vulnerable premature infants seem to 
undergo significant distress and may sustain potentially 
serious complications such as apnea and intraventricular 
hemorrhages secondary to such examinations.[1‑4] 
Therefore researchers always seek methods to substitute 
examinations or reduce the number of sessions. The 
WINROP screening algorithm uses a less invasive 
method for diagnosis of ROP by measuring factors such 
as weight and insulin‑like growth factor 1.[5‑7]

A relationship seems to exist between pupil rigidity 
on one hand and high stages of ROP and plus 
disease  (fulminant ROP) on the other hand.[8] In the 
present study, we evaluated whether poor pupillary 
response to mydriatics can predict the presence of ROP.

METHODS

This observational case series included 134 eyes of 
67 premature infants with birth weight less than 
2,000 grams and gestational age less than 33 weeks who 
were admitted at our ROP screening clinic. Informed 
consent was obtained from the parents or guardians of 
the infants prior to the study. The whole process of the 
study and the data collection scheme were approved 
by the ethics committee, conformed to local regulations 
and were compliant with principles of the Declaration 
of Helsinki.

Neonates with anterior segment anomalies, 
microcornea (less than 8 mm), iris coloboma, aniridia, 
posterior synechiae, pupillary membranes, history of 
any eye surgery, use of mydriatic or miotic eye drops, 
and stage 5 ROP were excluded from the study. The 
first examination of each patient was considered for 
the purpose of the study and there was no subject with 
gestational age more than 38 weeks at the time of this 
examination.

Baseline horizontal pupillary diameter was measured 
with a ruler that allowed a reading accuracy of 0.5 mm 
under the maximum illumination of a portable indirect 
ophthalmoscope. The measurements were obtained by 
two individuals and average values were calculated and 
considered as baseline pupil diameter. Phenylephrine 
1%, tetracaine and tropicamide 0.5% eye drops were 
mixed for maximal benefit. This composite eye drop was 
administered three times within five‑minute intervals 
and pupil diameter was measured after instillation of 
each drop and continued every 10  minutes until the 
diameter reached at least 6 mm, or until 60 minutes had 
elapsed in patients whose pupil diameter did not reach 
6 mm (non‑responders). We used tetracaine as a topical 
anesthetic and also for better penetration of mydriatics 
through the corneal epithelium.

Meanwhile, all eyes were examined by experienced 
ROP specialists using an indirect ophthalmoscope and a 
20‑diopter lens. Zone and stage of ROP, presence of plus 

disease and the necessity for treatment were recorded. 
Finally, the relationship between pupillary response 
to mydriatics, and presence and severity of ROP was 
evaluated. Pupillary response was evaluated by two 
factors; the time to reach maximal pupil diameter and 
the extent of pupil diameter changes  (i.e.,  final pupil 
diameter minus baseline pupil diameter). The correlation 
between pupillary response and iris pigmentation, plus 
disease, zone of involvement, stage of ROP, birth weight, 
gestational age, gender and baseline pupil diameter 
were studied.

Statistical Analysis
Data was analyzed using STATA version 11 (StataCorp, 
College Station, TX, USA). Categorical variables were 
presented in numbers (%) while continuous data were 
presented using median (interquartile range: [IQR]) or 
mean (±SD) values as appropriate. Since the normality of 
distribution was violated, non‑parametric tests including 
Mann‑Whitney U and Kruskal‑Wallis H were used to 
compare the study groups. Categorical variables were 
tested employing Pearson’s Chi square test. Bonferroni 
correction was used to adjust for multiple comparisons. 
Spearman’s rank correlation test was performed to assess 
the correlation between variables. In order to assess the 
independent association of variables with the response 
to mydriatic administration  (as a categorical variable: 
Below 6  mm or over  6  mm), we performed logistic 
regression analysis; variables with P  values less than 
0.2 in univariate regression analysis were included in 
the multivariate model. For categorical variables with 
more than 2 layers, dummy variables were created in 
the logistic regression model and the first layer of the 
variable was considered as the reference value. P values 
less than 0.05 were considered as statistically significant. 
Receiver operating characteristics (ROC) curve analysis 
was undertaken to evaluate the predictive accuracy of 
the response to mydriatic administration for diagnosis 
of ROP, plus disease, stage and zone of ROP and also 
ROP requiring treatment.

RESULTS

Out of 67 infants (134 eyes), 52 (38.81%) subjects were 
female and mean birth weight was 1,452 ± 345.7 g and 
mean final pupil diameter after mydriatic administration 
was 6.04 ± 0.88 mm. ROP was diagnosed in 52 (38.81%) 
subjects using indirect ophthalmoscopy. A  total of 
26  (19.4%) subjects had a poor response to mydriatic 
administration (less than 6 mm). Baseline characteristics 
of cases are detailed in Table 1.

Final pupil diameter after mydriatic administration 
as a continuous variable was not associated with gender 
or iris pigmentation. However, final pupil diameter was 
significantly smaller in patients with ROP than those 
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without ROP (5.8 ± 0.96 vs. 6.4 ± 0.61 mm, P = 0.001, 
Table 2) as well as in those with plus disease as compared to 
subjects without plus disease (5.38 ± 0.98 vs. 6.2 ± 0.77 mm, 
P < 0.001, Table 2). Mean final pupil diameter also varied 
significantly between different stages and zones of 
ROP  (P  =  0.001 and P  <  0.001, respectively, Table  2). 
Considering the response to mydriatic administration 
as a categorical variable  (defined as less than 6  mm 
and over 6 mm), we observed no significant difference 
between responders and non‑responders with respect 
to mean  (or median) birth weight, gestational age, or 
corneal and pupil diameter [Table 3].

The percentage of response to mydriatic administration 
did not differ between male and female subjects, cases with 
light or dark iris pigmentation and those with different 
stages of ROP [Table 3]; however, this did not appear to 
be true regarding the presence of ROP and plus disease 
and also between different zones of ROP [Table 3]. The 
percentage of response to mydriatic administration was 
significantly lower in patients with ROP (as compared 

to non‑ROP subjects) or plus disease  (as compared to 
those without plus disease). None of the patients with 
involvement of zone I responded to mydriatics, while 
66.7% and 83.3% of subjects with involvement in zones II 
and III responded to mydriatics, respectively. Final pupil 
diameter after mydriatic administration was significantly 
and inversely correlated with the presence of ROP and 
plus disease, stage of ROP and also directly with involved 
zones in ROP [Table 4].

Mean time for reaching final pupil diameter was 
not correlated with the presence of ROP and plus 
disease, stage of ROP and involved zones. Area under 
ROC  (AUROC) curve for diagnosis of ROP was 0.60 
(Confidence interval (CI), 95%:0.51-0.69). The best cutoff 
value for this time was 40 minutes for the diagnosis of 
ROP with sensitivity and specificity of 61.8 and 57.3%, 
respectively [Table 5].

Table  6 outlines the results of logistic regression 
analysis to find correlations of the response to mydriatic 
administration  (as a categorical variable: Less than 
6 mm or more than 6 mm). In univariate analysis, the 
presence of ROP, presence of plus disease and stage of 
ROP were associated with the response to mydriatic 
administration with P value less than 0.2 and accordingly 
were included in multivariate analysis. However, their 
association lost significance in multivariate analysis 
which might partly be explained with small sample 
size. Tables 7 and 8 describe the results of ROC curve 
analysis to evaluate the predictive accuracy of final 
pupil diameter after mydriatic administration as a 
continuous variable [Table 7] and response to mydriatic 
administration as a categorical variable (below 6 mm and 
above 6 mm) [Table 8].

Among all parameters including final pupil diameter 
and extent of changes after mydriatic administration 
and time to reach to final pupil diameter, final pupil 
diameter was the most accurate factor distinguishing 
between involvement of zone I from zones II and III 
(AUROC: 0.92, CI 95%:0.85‑0.98). The best cutoff value 
was 5.6 mm which was able to distinguish involvement 
of zone I from zone II and III with sensitivity of 80% 
and specificity of 100%. The sensitivity and specificity 
for the cutoff value of 5.6 mm to diagnose involvement 
of  zones I and II from III were 87% and 43%, respectively. 
The predictive accuracy of final pupil diameter after 
mydriatic administration was considerably low for 
diagnosing ROP, plus disease and also to differentiate 
stages of ROP. However, cutoff value of 5  mm had 
sensitivity of 92% and 93% to detect ROP and plus 
disease, respectively (but with very low specificity). The 
best sensitive and specific cutoff values to distinguish 
different stages of ROP are presented in Table 7.

We found the cutoff pupil diameter of 5.6 mm having 
the best capability to detect premature infants requiring 
treatment with a sensitivity of 94% (with very low 
specificity).

Table 1. Characteristics of patients

Median (IQR) Mean (±SD)

Birth weight (grams) 1370 (1200‑1700) 1452 (345.7)
Gestational age (weeks) 30 (29‑32) 30.1 (2.15)
Baseline pupil diameter 

Corneal diameter (mm) 10 (9‑11) 10.1 (0.54)
Pupil diameter (mm) 2 (1‑2) 1.8 (0.86)
Final pupil diameter 
after mydriatic (mm)

6 (6‑7) 6.04 (0.88)

Time to reach final 
pupillay dilation (minutes)

40 (30‑40) 37.5 (9.8)

n (%)

Female gender 52 (38.81)
Iris pigmentation

Yes 128 (95.5)
No 6 (4.48)

ROP
Yes 52 (38.81)
No 82 (61.19)

Plus disease
Yes 29 (21.64)
No 105 (78.36)

Stage
1 13 (25)
2 23 (44.23)
3 12 (23.08)
4 2 (3.85)
5 2 (3.85)

Zone
I 4 (5.33)
II 24 (41.86)
III 47 (48.84)

SD, standard deviation; IQR, interquartile range; ROP, retinopathy 
of prematurity; mm, millimetre
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Table 2. Comparing mean final pupil diameter with respect to gender, iris pigmentation, ROP, plus disease. Stage and 
zone of ROP

Mean (±SD) P Post‑hoc tests

Un‑adjusted
P

Adjusted
P

Gender
Male 6.1 (0.81) 0.33
Female 5.9 (0.99)

Iris pigmentation
Yes 6.1 (0.8) 0.57
No 5.3 (1.86)

ROP
Yes 5.7 (1.1) 0.001
No 6.28 (0.65)

Plus disease
Yes 5.38 (0.98) <0.001
No 6.2 (0.77)

Stage
1 6.32 (0.7) 0.001 1 versus 2 0.06 0.36

1 versus 3 0.005 0.030
2 5.78 (0.52) 1 versus 4 0.2 1.2

2 versus 3 0.07 0.42
3 5 (1.28) 2 versus 4 0.013 0.078

3 versus 4 0.022 0.132
Zone

I 4.25 (1.5) <0.001 I versus II 0.008 0.024
II 5.7 (0.55) I versus 

III
0.002 0.006

III 6.1 (0.78) II versus 
III

0.007 0.021

SD, standard deviation; ROP, retinopathy of prematurity

The sensitivity of the response to mydriatic drops 
(defined as below 6 mm or above 6 mm) for ROP 
diagnosis was not acceptable. The sensitivity of the pupil 
diameter less than 6 mm was 34.6% and 48% for ROP and 
plus disease, respectively. Its specificity was measured 
90% for ROP and 88% for plus disease [Table 8]. The 
predictive values of the response to mydriatic agents 
to differentiate between stages and zones of ROP are 
presented in Table 8. Pupil dilation due to mydriatic 
administration was able to detect patients with an 
indication for treatment with sensitivity of 44% and 
specificity of 84%.

DISCUSSION

The present study demonstrated that poor pupil 
dilatation after applying mydriatic eye drops is a sign 
of ROP and its severity. The percentage of patients 
with ROP or plus disease who responded to mydriatic 
administration (>6  mm) was significantly lower than 
subjects without ROP or plus disease. Although poor 
pupillary dilation was a strong predictor of lower zones 
of ROP involvement (zone I versus zones II and III), such 

a strong correlation for distinguishing between different 
stages of the disease did not exist.

It may be assumed that the degree of iris pigmentation 
may affect final pupillary diameter; however, in our cases 
heavier or lighter iris pigmentation did not show any 
significant association with the response to mydriatic 
agents. The explanation might be that all of our patients 
were from Persian ethnicity and consequently, there 
were no detectable differences in their physiologic 
response to mydriatic eye drops based on the level of 
iris pigmentation. The other reason may be the small 
number of patients with pupillary dilation. Congenital 
pupillary membranes may cause poor pupillary response 
independent of ROP, thus patients with this entity 
excluded from our study.[9,10]

Since routine procedures for ROP examination are 
painful and there is no standard protocol for effective pain 
management[11] and because local anesthetics can only 
partially decrease pain which may have adverse systemic 
effects on these neonates,[12] finding more gentle ways to 
predict ROP and the necessity for treatment is valuable.

There are various regimens for pupillary dilation in ROP 
examination. We used a mixture of phenylephrine 1%, 
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tetracaine and tropicamide 0.5% which was administered 
three times every 5 minutes and waited up to a maximum 
of 60 minutes to determine whether the pupil reaches a 
6 mm diameter. Different regimens have been studied 
in the literature. Chew et al mentioned three different 
mydriatic regimens for ROP screening in premature infants 
with dark irides: (1) Cyclopentolate 1% and phenylephrine 
2.5%, (2) tropicamide 1% and phenylephrine 2.5%, and (3) 
normal saline, phenylephrine 1% and cyclopentolate 0.2%. 
A composition of cyclopentolate 0.2% plus phenylephrine 
1% eye drops was considered as the best mydriatic 
regimen in premature infants with dark irides.[13] Applying 
eye drops three times is stated appropriate for achieving 
a pupil diameter of 6 mm and more which is considered 
adequate for examining the peripheral retina.[14]

Table 3. Response to mydriatic administration (defined as below 6 mm or over 6 mm) with respect to other characteristics 
of subjects

Over 6 mm Below 6 mm Mean difference P 95% CI

Birth weight (grams)
Parametric (mean) 1436 (314.7) 1517 (454.3) −81.3 0.28 −230.6‑67.9
Nonparametric (median) 0.46

Gestational age (weeks)
Parametric (mean) 30.1 30 0.09 0.84 −0.84‑1.02
Nonparametric (median) 0.67

Corneal diameter (mm)
Parametric (mean) 10.1 (0.53) 10 (0.56) 0.11 0.35 −0.12‑0.34
Nonparametric (median) 0.35

Pupil diameter (mm)
Parametric (mean) 1.79 (0.87) 1.69 (0.84) 0.1 0.58 −0.27‑0.48
Nonparmetric (median) 0.56

n (%)

Gender, n (%)
Male 68 (82.9) 14 (17.1) 0.39
Female 40 (76.9) 12 (23.1)

Iris pigmentation, n (%)
Yes 104 (81.2) 24 (18.8) 0.37
No 4 (66.7) 2 (33.3)

ROP, n (%)
Yes 34 (65.4) 18 (34.6) 0.001
No 74 (90.2) 8 (9.8)

Plus disease, n (%)
Yes 15 (51.7) 14 (48.3) <0.001
No 93 (88.6) 12 (11.4)

Stage, n (%)
1 10 (76.9) 3 (23.1) 0.054
2 17 (73.9) 6 (26.1)
3 5 (41.7) 7 (58.3)
4 2 (100) 0

Zone, n (%)
I 0 4 (100) 0.001
II 16 (66.7) 8 (33.3)
III 39 (83) 8 (17)

ROP, retinopathy of prematurity; CI, confidence interval; mm, millimetre

Table 4. Spearman’s rank correlation coefficient between 
final pupil diameter after mydriatic administration and 
other variables

Correlation coefficient P

Birth weight (grams) −0.04 0.63
Gestational age (weeks) 0.15 0.09
Gender (male to female) 0.08 0.33
Iris pigmentation (mm) −0.05 0.57
Corneal diameter (mm) 0.11 0.2
Pupil diameter 0.03 0.68
ROP −0.3 0.0002
Plus disease −0.41 <0.0001
Stage −0.4 0.003
Zone 0.43 0.0001
ROP, retinopathy of prematurity; mm, millimetre
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Pupillary response to mydriatic agents has been studied 
for evaluating its predictive value in some diseases. For 
instance, according to Koc et al, poor pupillary response 
in diabetes mellitus was found to be correlated with 
the duration of diabetes mellitus and the presence of 
diabetic retinopathy.[15] Similar studies also found that 
the extent of pupillary dilation may be a screening test 
for duration of diabetes and diabetic neuropathy and 
retinopathy.[16,17] Sharma et al studied screening of ROP 
in developing countries and reported resistance to pupil 
dilation in Stage 5 ROP.[17] The other survey conducted 
by   Astasheva et  al evaluated the prevalence and risk 
factors of fulminant ROP (plus disease) and showed that 
pupil rigidity is an absolute sign of plus disease.[18]

Our findings showed that a cutoff value of 5.6 mm 
for final pupil diameter may best distinguish between 
involvement of zone I form zones II and III due to its 
high sensitivity (80%) and specificity (100%). Choosing 
higher cutoff points may lead to missing neonates who 
require early treatment due to its low sensitivity although 
the specificity is still remaining high.

Small sample size is one of the limitations of our 
study. Furthermore, measuring pupil diameter with 
accuracy of 0.1  mm is not possible with a ruler, thus 
using pupillometer in future studies may be suggested 
for more accurate measurements. By calculating the 
area under curve, we attained a cutoff pupil diameter 
of 5.6  mm; otherwise, measuring with a ruler could 
not have allowed the accuracy of 0.6 decimal fractions. 
Other parameters such as time to reach maximum pupil 
diameter and extent of changes in pupil diameter were 
not strong enough to diagnose ROP and plus disease. 
They do not have acceptable sensitivity and specificity 
for a high predictive value.

In summary, among parameters representing 
the pupillary response to mydriatic eye drops, final 
pupil diameter had the best predictive accuracy for 
distinguishing zone I ROP from zone II and III disease. 
However, since the sensitivity of this test was not 
100%, it cannot be considered a suitable screening test 
or a substitute for fundus examination using indirect 
ophthalmoscopy which is the gold standard for ROP 
screening. Due to the fact that diagnosis of all cases 
of ROP is crucial, it is not desirable to miss even one 
case. Therefore, according to our findings, pupillary 
response to mydriatic eye drops can be considered as a 
less invasive method for rough estimation of emergent 
cases of ROP but not as a screening test.

Financial Support and Sponsorship
Nil.

Table 5. ROC curve analysis to evaluate the predictive accuracy of time to highest pupil diameter after mydriatic 
administration

AUROC (95% CI) Best cut off (min) Sensitivity (%) Specificity (%)

ROP 0.6 (0.51-0.69) 40 61.8 57.3
Plus disease 0.54 (0.42-0.65) 45 31.03 83.2
Stage

1 versus 2, 3, 4 0.52 (0.36-0.68) 40 76.9 43.2
2 versus 1, 3, 4 0.37 (0.22-0.52) 50 17.4 81.5
3 versus 1, 2, 4 0.54 (0.36-0.72) 45 33.3 81.6
4 versus 1, 2, 3 0.67 (0.65-0.75) 60 100 95.8

Zone
I versus II and III 0.76 (0.63-0.89) 40 100 49.3
II versus I and III 0.46 (0.32-0.61) 50 25 92.2
III versus I and II 0.47 (0.33-0.6) 40 55.3 50

Treatment requirement 0.5 (0.37-0.64) 45 27.8 81.2
ROC, receiver operating characteristics; AUROC, area under receiver operating characteristics curve; CI, confidence interval; ROP, 
retinopathy of prematurity; min, minutes

Table 6. Logistic regression analysis of response to 
mydriatic administration (defined as below 6 mm and 
over 6 mm) and other variables

Univariate 
analysis

Multivariate 
analysis

OR P OR P

Birth weight (grams) 1 0.28 ‑ ‑
Gestational age (weeks) 0.98 0.84 ‑ ‑
Gender (male to female) 0.68 0.39 ‑ ‑
Iris pigmentation 2.1 0.39 ‑ ‑
Corneal diameter (mm) 0.68 0.35 ‑ ‑
Pupil diameter (mm) 0.86 0.58 ‑ ‑
ROP 4.9 0.001 Collinearity ‑
Plus disease 7.2 <0.001 2.25 0.41
Stage (1 as reference)

2 1.17 0.84 0.74 0.77
3 4.66 0.08 2.1 0.58
4 ‑ ‑ ‑ ‑

Zone (I as reference)
II 2.23e‑08 0.99 ‑ ‑
III 9.17e‑09 0.99 ‑ ‑

OR, odds ratio; ROP, retinopathy of prematurity; mm, millimetre
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Table 7. ROC curve analysis results to evaluate the predictive accuracy of final pupil diameter after mydriatic 
administration as a continuous variable

AUROC 
(95% CI)

Best sensitive 
cut off

Sensitivity Specificity Best specific 
cut off

Sensitivity Specificity

ROP 0.33 (0.25‑0.42) 5 0.92 0 7.6 0 1
Plus disease 0.23 (0.15‑0.31) 5 0.93 0.02 7.6 0 0.98
Stage

1 versus 2, 3, 4 0.27 (0.12‑0.43) 5 0.9 0 7 0 1
1, 2 versus 3, 4 0.31 (0.14‑0.47) 3 0.94 0 7 0 1
1, 2, 3 versus 4 0.48 (0‑0.99) 3 1 0.02 7 0 1

Zone
I versus II and 
III

0.92 (0.85‑0.98) 5.6 0.8 1 7 0.21 1

I and II versus 
III

0.72 (0.61‑0.82) 5.6 0.87 0.43 7 0.3 0.96

Treatment 
requirement

0.26 (0.16‑0.35) 5 0.94 0.03 7.6 0 1

PPV, positive predictive value; NPV, negative predictive value; ROC, receiver operating characteristics; AUROC, area under receiver operating 
characteristics curve; CI, confidence interval; ROP, retinopathy of prematurity

Table 8. ROC curve analysis results to evaluate the predictive 
accuracy of response to mydriatic administration as a 
categorical variable (defined as below 6 mm and over 6 mm)

Sensitivity Specificity PPV NPV

ROP 0.346 0.9 0.69 0.68
Plus disease 0.48 0.88 0.54 0.86
Stage

I versus II, III, 4 0.38 0.77 0.83 0.29
I, II versus III, 4 0.56 0.75 0.5 0.79
I, II, III versus 4 0.5 0.67 0.11 0.94

Zone
I versus II, III 0.22 0 0.8 0
1 and 2 versus 3 0.17 0.57 0.4 0.29

Treatment 
requirement

0.44 0.84 0.31 0.88

PPV, positive predictive value; NPV, negative predictive value; ROP, 
retinopathy of prematurity; ROC, receiver operating characteristics


